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(54) Early thermal printhead failure prediction system 



(57) A thermal printer early printhead failure predic- 
tion system detects possible printhead an/or printing 
element failure in response to the sensed resistance of 
the printhead or an individual element thereof. A micro- 
processor of the printer monitors the resistive trends of 



the printing elements. A warning is generated when a 
characteristic of the resistive trend exceeds a predeter- 
mined boundary. 
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Description 
TECHNICAL FIELD 

[0001] The present invention is directed to a thermal 
printer for printing tags and/or labels and more particu- 
larly to such a printer and method for predicting thermal 
printhead failure. 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0002] Not applicable. 

STATEMENT REGARDING FEDERALLY SPON- 
SORED RESEARCH OR DEVELOPMENT 

[0003] Not applicable. 

BACKGROUND OF THE INVENTION 

[0004] Known thermal label/tag printers include ther- 
mal printheads containing individual printing elements 
23. When a printing element fails, it may result in a dis- 
continuity in the printing. Prior thermal label printers 
have used data dot shift routines to shift data around a 
failed printing element so that the failed printing element 
is aligned with "zero" print data. This feature extends the 
useful life of a thermal printhead. However, such rou- 
tines do not provide any warning as to when a printing 
element is failing. 

BRIEF SUMMARY OF THE INVENTION 

[0005] The early thermal printhead failure prediction 
system of the present invention is directed to overcome 
the limitations of the prior data dot shift routines 
described above. The early thermal printhead failure 
prediction system of the present invention monitors the 
resistive trends of the individual printing elements 23 of 
a thermal printhead to provide a warning indication 
when the resistive trends deviate beyond predeter- 
mined limits. 

[0006] More particularly, in accordance with the 
present invention, a microprocessor monitors the resis- 
tive trends of the printing elements 23 of the thermal 
printhead. A read/write memory may be used to store 
previous resistive values of the individual printing ele- 
ments 23 for use in determining the resistive trend. The 
microprocessor compares one or more characteristics 
of the resistive trend to predict whether an individual 
printing element is failing. If the microprocessor deter- 
mines that an individual printing element may be failing, 
a warning to that effect is generated. 
[0007] When the microprocessor of a thermal 
label/tag printer executes such a printhead failure pre- 
diction routine, maintenance may be scheduled before 
the thermal printhead fails and/or data dot shift routines 
become ineffective. 



[0008] These and other advantages and novel fea- 
tures of the present invention, as well as details of an 
illustrated embodiment thereof, will be more fully under- 
stood from the following description and drawings. 

5 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0009] 

10 

Fig. 1 is a block diagram of a thermal label/tag 
printer of the present invention in communication 
with a host; and 

Fig. 2 is a flow chart illustrating a thermal printhead 
15 failure prediction routine of the thermal label/tag 
printer of Fig. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

20 [0010] A thermal label/tag printer 20 in accordance 
with the present invention, as shown in Fig. 1 , includes a 
thermal printhead 22 for printing barcode and/or alpha- 
numeric data on a web of record members such as tags 
and labels. A microprocessor 24 controls the operation 

25 of the thermal printhead 22, which includes a plurality of 
printing elements 23, alternately referred to as dot ele- 
ments. Specifically, the microprocessor 24 controls the 
printhead 22 to print data received from the host 28 
and/or other input devices, not shown, such as a key- 

30 board, barcode scanner, etc., in accordance with soft- 
ware stored in the memory 26. The memory 26 may 
include ROM and/or RAM, and/or a flash type memory, 
etc. The microprocessor 24 also monitors the condition 
of the thermal printhead to determine whether one or 

35 more printing elements 23 are likely to fail soon as dis- 
cussed in detail below. 

[001 1 ] The thermal label/tag printer 20 communicates 
with the host computer 28 via a communication inter- 
face 25 which may take the form of a hard-wired inter- 

40 face, such as a RS 232 interface, or a wireless interlace, 
such as a radio frequency (RF) or infrared (IR) interface! 
[0012] The microprocessor 24 executes the thermal 
printhead failure prediction routine, depicted in Fig. 2, to 
predict wheather an individual printing element of the 

45 thermal printhead is failing. The routine is preferably 
executed to monitor each of the printing elements 23 of 
the printhead 22 by looping through the routine until all 
of the printing elements 23 are checked. Alternatively, it 
may be executed a single time to predict whether one 

50 printing element is failing, or it may be executed several 
times to test a subset of the printing elements 23 of the 
thermal printhead 22. 

[0013] The first time that the routine is executed, the 
first printing element position is loaded prior to execu- 
55 tion of the routine as depicted in Fig. 2. Alternately, if it 
is desired to only test a single printing element, that ele- 
ment position is loaded prior to execution. If it is desired 
to test a subset of the printing elements 23, the position 
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of the first printing element of the subset is loaded prior 
to execution. The microprocessor 24 then begins the 
failure prediction routine by evaluating the loaded print- 
ing element or dot element of the thermal printhead 22. 
Specifically, the microprocessor 24 determines the cur- 5 
rent resistance value of the printing element at block 
100 and stores this value for later use. At block 102, the 
microprocessor 24 determines whether the resistance 
of the printing element indicates that it has failed. If the 
microprocessor 24 determines at block 102 that the 10 
printing element has not yet failed, the microprocessor 
24 proceeds to block 104 where it compares a resist- 
ance value, or values, previously stored for that printing 
element to the current resistance that was found at 
block 100 to determine a resistive trend. If the micro- 75 
processor 24 determines at block 106 that the resistive 
trend of the printing element is increasing, the micro- 
processor 24 proceeds to block 108 to determine 
whether a characteristic of the increasing resistive trend 
has exceeded predetermined boundaries. This determi- 20 
nation may be made by comparing the curve defined by 
the resistive trend for the printing element to a predeter- 
mined, previously stored curve to determine whether 
the printing element is approaching failure. The differ- 
ence between the curve defined by the resistive trend 25 
and a predetermined curve can also be examined to 
determine whether the printing element is approaching 
failure. For example, the average value and/or the max- 
imum value and/or the minimum value of the difference 
between the curves may be compared to predetermined 30 
values to determine whether the printing element is 
approaching failure. Alternatively, this determination 
may be made by comparing the slope or rate of change 
of the resistive trend for the printing element to a prede- 
termined slope or rate of change. The current resist- 35 
ance value of the printing element may also be used as 
the characteristic of the trend where the resistance is 
compared to a reference value to determine whether it 
is greater than the reference indicating approaching fail- 
ure of the element. 40 
[0014] If a characteristic of the resistive trend exceeds 
the predetermined boundaries as determined at block 
108, the microprocessor 24 predicts that the printing 
element is failing and proceeds to block 110. At block 
1 10 the microprocessor 24 stores in memory the posi- 45 
tion of the printing element predicted to fail. The micro- 
processor 24 then proceeds to block 124 to generate a 
warning message that preferably includes the identity of 
the printing element approaching failure and/or its posi- 
tion. The warning message may be sent to a host com- 50 
puter 28 via a communication interface 25 in the thermal 
label/tag printer 20. Alternatively, a warning indication 
may be directly displayed to the user of the thermal 
label/tag printer 20. For example, a message may be 
displayed on a display of the thermal label/tag printer 20 55 
or a warning LED on the thermal label/tag printer 20 
may be illuminated. The next printing element position 
to be evaluated is then loaded by the microprocessor 24 



in block 1 14. This allows all printing elements 23 of the 
thermal printhead 22 to be monitored when the routine 
is executed in a loop. If the routine is executing in a loop, 
the microprocessor 24 returns to block 100 to continue 
testing the remainder of the printing elements 23 of the 
thermal printhead 22. 

[0015] If the microprocessor 24 determines in block 
108 that the resistive trend does not exceed predeter- 
mined boundaries, the next printing element is loaded at 
block 1 1 4. If the routine is executing in a loop, the micro- 
processor 24 the returns to block 100. 
[0016] If the microprocessor 24 determines in block 
106 that the resistive trend is not increasing, the micro- 
processor 24 proceeds to block 116 where it evaluates 
whether the resistive trend is decreasing. If the resistive 
trend is not decreasing, the next printing element is 
loaded at block 1 1 4. If the routine is executing in a loop, 
the microprocessor 24 then returns to block 100. 
[0017] If, however, the microprocessor 24 determines 
at block 116 that the resistive trend is decreasing, the 
microprocessor 24 then determines at block 118 
whether a characteristic of the decreasing resistive 
trend has exceeded predetermined boundaries in a 
manner similar to that described with reference to block 
108. If a characteristic of the resistive trend exceeds 
predetermined boundaries, the microprocessor 24 pro- 
ceeds to block 110 and stores the position of the pre- 
dicted failing printing element in memory 26. At block 
110. the microprocessor 24 also stores selected char- 
acteristics of the resistive trend. The microprocessor 24 
then proceeds to block 124 to generate a warning mes- 
sage indicating the printing element approaching failure 
and/or its position. The warning message may be sent 
to a host computer 28 via a communication interface 25 
and/or a warning indication, such as a message on a 
display screen of the thermal label/tag printer 20 or an 
illuminated LED on the thermal label/tag printer 20, may 
be displayed. The next printing element position is then 
loaded by the microprocessor 24 at block 1 1 4. If the rou- 
tine is executing in a loop, the microprocessor 24 
returns to block 1 00 to continue testing the remainder of 
the printing elements 23 of the thermal printhead 22. 
[0018] If the microprocessor 24 determines at block 
1 18 that the downward resistive trend has not exceeded 
predefined boundaries, the microprocessor 24 pro- 
ceeds from block 1 18 to block 114 and loads the posi- 
tion of the next printing element to be evaluated at block 
114, thereafter returning to block 100 if the routine is 
executing in a loop. 

[0019] If, at block 102, the microprocessor 24 deter- 
mines that the loaded printing element has failed, the 
microprocessor 24 proceeds to block 120 where it incre- 
ments a variable or register to indicate that it has 
detected another failed printing element. This variable 
or register may be stored in memory 26. The microproc- 
essor 24 then proceeds to block 122 where it evaluates 
whether three or more failed printing elements 23 have 
been detected yet by checking the variable or register 
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recording the number of failed printing elements 23. If 
three or more printing elements 23 in the thermal print- 
head 22 have failed, the microprocessor 24 proceeds to 
block 1 10 where the position of the failed printing ele- 
ment is stored in memory 26 along with an indication 
that the element has failed. The microprocessor 24 then 
proceeds to block 124 where a warning message is 
generated indicating that the thermal printhead 22 has 
failed. The warning message may be sent to a host 
computer 28 via a communication interface 25 and/or a 
warning indication may be directly displayed to the user 
of the thermal label/tag printer 20. The microprocessor 
24 then loads the position of the next printing element to 
be evaluated at block 1 14. If the routine is executing in a 
loop, the microprocessor 24 returns thereafter to block 
100. 

[0020] In practice, it is known that data to be printed 
may be shifted around one or two failed printing ele- 
ments 23 and still be printed with acceptable results. As 
a result, if fewer than three failed printing elements 23 
are detected at block 122, the microprocessor 24 at 
block 126 performs a known data dot shift routine to 
shift data to be printed around the failed printing ele- 
ment. Thereafter the microprocessor 24 proceeds from 
block 126 to block 114 where the microprocessor 24 
loads the position of the next printing element to be 
evaluated. If the routine is executing in a loop, the micro- 
processor 24 returns to block 100. 
[0021] Many modifications and variations of the 
present invention are possible in light of the above 
teachings. Thus, it is to be understood that, within the 
scope of the appended claims, the invention may be 
practiced otherwise than as described hereinabove. 
[0022] What is claimed and desired to be secured by 
Letters Patent is: 

Claims 



2. 



In a barcode printer, a system to predict thermal 
printhead failure comprising: 

a thermal printhead including a plurality of 
printing elements, each printing element hav- 
ing an associated resistance value; and 
a processor for sampling over time a plurality of 
resistance values for at least one of said print- 
ing elements and for comparing each sampled 
resistance value to its immediately preceding 
sampled resistance value for that printing ele- 
ment to determine a trend of the resistance of 
at least one of said printing elements, said 
processor generating a warning for indicating 
when a characteristic of the resistive trend 
deviates beyond a predetermined boundary. 

The barcode printer as defined in claim 1, wherein 
said characteristic of said resistive trend exceeds a 
predetermined boundary when the rate of increase 
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in the resistive trend exceeds a predetermined 
value. 

. The barcode printer as defined in claim 1, wherein 
said characteristic of said resistive trend exceeds a 
predetermined boundary when the rate of decrease 
in the resistive trend exceeds a predetermined 
value. 

In a printer for printing on a web of record members, 
a system for detecting thermal printhead failure 
comprising: 

a thermal printhead including a plurality of 
printing elements each having an associated 
resistance; 

a processor for sampling the resistance of a 
plurality of said printing elements over time to 
determine an associated resistive trend for 
each of said plurality of printing elements by 
comparing each resistance sampled for a given 
printing element to its immediately preceding 
sampled resistance for said given printing ele- 
ment, said processor determining whether the 
resistive trend of each printing element 
exceeds a predetermined limit; and 
a read/write memory for storing the position of 
a printing element determined to have a resis- 
tive trend that exceeds a predetermined limit. 

The printer for printing on a web of record members 
as defined in claim 4, wherein said resistive trend 
exceeds said predetermined limit when the rate of 
increase in the resistive trend exceeds a predeter- 
mined value. 

The printer for printing on a web of record members 
as defined in claim 4. wherein said resistive trend 
exceeds said predetermined limit when the rate of 
decrease in the resistive trend exceeds a predeter- 
mined value. 

The printer for printing on a web of record members 
as defined in claim 4, wherein said microprocessor 
determines whether said resistive trend of one of 
said printing elements exceeds said predetermined 
limit by comparing said resistive trend of one of said 
printing elements to a predetermined curve. 

A method of monitoring a thermal printer having a 
thermal printhead comprising a plurality of printing 
elements, a processing means, and a memory for 
storing data, comprising: 

sampling over time a plurality of resistance val- 
ues for at least one of said printing elements; 
storing said sampled resistance values; 
comparing each of said resistance values sam- 
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pled for a print element to Its immediately pre- 
ceding sampled resistance value for the print 
element to determine a trend; 
comparing a characteristic of said resistance 
trend to a reference; 5 
storing the printing element position in said 
memory when said characteristic of said resist- 
ance trend exceeds sard reference; and 
generating a warning when said characteristic 
of said resistance trend exceeds said refer- 10 
ence. 



9. The method of monitoring a thermal printer as 
recited in claim 8 including the step of sending said 
warning to a host computer. 15 

10. A method of monitoring a label printer having a 
thermal printhead including a plurality of printing 
elements, a processing means, and a memory 
comprising: 20 



sampling over time a plurality of resistance val- 
ues for at least one of said printing elements; 
storing said sampled resistance values; 
comparing each of said resistance values sam- 25 
pled for a print element to its immediately pre- 
ceding sampled resistance value for the print 
element to determine a trend; 
determining if said resistance trend is increas- 
ing or decreasing; 30 
comparing a characteristic of said resistance 
trend to a first reference when said resistance 
trend is increasing to determine if an upper limit 
is exceeded; 

comparing a characteristic of said resistance 35 
trend to a second reference when said resist- 
ance trend is decreasing to determine if said 
characteristic falls below a lower limit; and 
generating a warning when either said upper 
limit is exceeded by said characteristic or said 40 
characteristic is below said lower limit. 
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